Clinical information systems (CISs) are ''large computerized database management systems used by clinicians to access a range of patient data to plan, implement, and evaluate care. '' 1 In this study, we use the expanded definition of CISs that includes a point-of-care, patientfocused computer system that replaces all or some of the paper medical records. 2 Other terms for CIS are patient care information systems, computer-based patient records, medical information systems, patient care management systems, health information systems, nursing intervention systems, and electronic medical records. In the broad context, CIS implementation is viewed as including all phases of an application's full life cycle, from planning through maintenance.
Healthcare agencies spend significant resources to acquire or develop clinical information systems. However, implementation of clinical information systems often report significant failures. A systematic review of the research literature identified processes and outcomes of clinical information system implementation and factors that influenced success or failure. Of 124 original papers, 18 met the primary inclusion criteria-clinical systems implementation, healthcare facility, and outcome measures. Data extraction elements included study characteristics, outcomes, and implementation risk factors classified according to the Expanded Systems Life Cycle. The quality of each study was also assessed. Forty-nine outcomes of clinical information system implementation were identified. No single implementation strategy proved completely effective. The findings of this synthesis direct the attention of managers and decision makers to the importance of clinical context to successful implementation of clinical information systems. The highest number of factors influencing success or failure was reported during implementation and system ''golive.'' End-user support or lack thereof was the important factor in both successful and failed implementations, respectively. Following the Expanded Systems Life Cycle management model instead of a traditional project management approach may contribute to greater success over time, by paying particular attention to the underrecognized maintenance phase of implementation.
The value in examining CIS implementation is in relation to the implementation process itself and whether the outcomes expected are actually achieved within the context of clinical healthcare environments. Examining the role of nursing in implementing CISs is also valuable, as nurses may be unprepared for the requisite technological changes to their work. This could result in a significant lag between the creation of the new healthcare enterprise and the end user's ability to fulfill its potential. 5 This area of study is important for several reasons. Clinical environments are unique and merit their own study, as what has been successful in business arenas has not always worked in healthcare. 6 Registered nurses are the predominant healthcare providers in the healthcare sector, 2 and nursing is healthcare's largest constituency. 7 The implementation of CISs influences the clinical practice environment, nurses, and nursing practice, as well as patient safety and quality of care, management decision making, and funding. It is now possible to capture physiologic observations, communicate with ancillary services such as laboratories, assist bedside clinicians to formulate nursing and medical care plans, and use a sophisticated CIS to capture all of the necessary data required to make sound clinical decisions. 2, 8 The importance of CISs has increased, and efforts to implement automated systems have intensified, as funding methods for health services become increasingly focused on outcomes. Accreditation, chronic disease management, physician remuneration models, and primary care networks all demonstrate a shift to outcomes-based funding. Although literature describing the implementation of computer systems in healthcare organizations is extensive, in a preliminary scoping of the literature, most studies examining CIS implementation were exploratory-descriptive in design, described by Brink and Woods 9 as level 1 research, which is appropriate for a developing field of knowledge. We could not find a synthesis of evidence that describes successful or failed CIS implementation. A review of current literature is important to identify and describe the best available evidence about CIS implementation. The study reported in this article was undertaken to address this gap in knowledge. The strength of our review lies in the rigorous assessment of the literature in a field that is new and lacks common definitions and understanding of the process of CISs implementation and outcomes.
STUDY OBJECTIVE
A systematic review of the research literature was undertaken to determine the current evidence about the process and outcomes of the implementation of CISs in healthcare facilities. The research question guiding the review was ''What is the present state of knowledge about the process of CIS implementation and outcomes for the system, users, management or patients?'' Content analysis of the literature identified outcomes, which were classified by system, user/provider, management, and patient.
CONCEPTUAL FRAMEWORK
A key assumption guiding this study was that the context in which a CIS is implemented can influence success or failure of implementation. Therefore, we determined that a theoretical model that takes account of the role of context in implementation would be used to guide this systematic literature review and selected the Expanded Systems Life Cycle (ESLC) framework by Thompson et al. 10 This model illustrates the full cycle of CIS implementation within complex clinical contexts. The ESLC model ( Figure 1 ) proposes a logical process for planning, executing, and managing system life cycle activities for all types and sizes of healthcare settings. 10 The system life cycle management process is conceptualized in five major steps, which include planning, analysis, design, implementation, and maintenance. 10 In the planning stage, the process is initiated; however, planning continues throughout the entire life cycle. Analysis focuses on requirements for optimal solution. Design relates to the development or customization of the CIS for the clinical setting. Implementation is then initiated. A final phase, solution maintenance, follows implementation. 10 In the ESLC model depicted in Figure 1 , the dotted line surrounding the system life cycle management process conveys the continuous influence of dynamic contextual factors occurring within the healthcare environment. 10 Each segment of the system life cycle process has an identified risk zone and corresponding risk factors, further detailed in Figure 2 . Although risk factors exert influence in a particular zone, they can also influence other system life cycle segments. 10 These downstream effects can also shape the progression and outcomes of CIS implementation. 10 Case study analysis has become a frequently used research method to study implementation strategies and context. The stories in case studies reveal how implementation strategies and contextual conditions mutually influence each other and work together to produce implementation outcomes.
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Outcomes Defined
We identified and used several types of outcomes relevant to CIS implementation. System outcomes refer to the results of a CIS implementation such as documentation that is legible. User outcomes refer to the ''end users'' of the CIS who have hands-on interaction with the system in the course of providing patient care. User-friendly refers to a clinical system that is (1) ''easy'' to use, with as few ''key strokes'' as possible to enter data; (2) ''intuitive,'' whereby moving from screen to screen is logical to clinical end users because it matches the work process and flow of information in the clinical setting; and (3) ''interfaced'' such that information is entered once, but used by many. Management outcomes refer to aspects of CIS that assist in managerial decision making, operational management, meeting government regulations, benchmarking organizational performance, and funding decisions within and external to the organization. Patient outcomes are those that are directly affected by CIS implementation for patients. Reduced wait times for procedures resulting from system efficiencies, reduced frustration when not being asked the same information by multiple care providers, having direct system access to book their own appointments online, and having access to their information or to faster results reporting to care providers are examples of patient outcomes. The primary inclusion criteria were that the paper was written in English, involved clinical system implementation, had a healthcare facility/acute care as the setting, and included system, user, management, or patient outcome measures. Only papers that met the primary inclusion criteria were retained for review. Secondary inclusion criteria were used to determine whether research findings/ evidence were being used to guide the CIS implementation (nursing informatics, theoretical model or framework, planning or implementation based on literature, adding to nursing domain knowledge, broad context for clinical system implementation, and the importance of this area of study).
METHODS
Screening
The total yield from online database and online journal searches was 178 titles and abstracts, which were screened using the primary inclusion criteria. The primary author retrieved and screened 124 papers using the three primary inclusion criteria and secondary inclusion criteria of interest. The 124 papers were predominantly exploratory-descriptive in the form of case studies. A second reviewer randomly screened 20 of the 124 papers, blinded to the primary author's review. Discrepancies on four papers were discussed and consensus was reached. Of the original 124 papers, 21 were retained for review once screening criteria were applied.
Data Extraction
The following data were extracted from the 21 selected papers: author, journal, year, acute care healthcare facility, clinical system implementation, lessons learned, or outcome measures. The second level of extraction included the use of a conceptual model or framework to guide implementation, nursing informatics, nursing domain knowledge, CIS implementation in a broad context, and the relevance of the papers to this area of study.
Quality Review
The authors searched for a quality assessment instrument to review and categorize the included studies according to how well they examined and reported on CIS implementation and outcomes; however, none was found. Therefore, the primary author developed a screening tool that included the inclusion criteria of interest to reflect the dimensions of how research, nursing informatics, and nursing knowledge were applied by the authors. (A copy of the quality assessment tool may be obtained by contacting the primary author.) Possible scores could range from 1 to 16 points. A score greater than 9 was required to meet the minimum inclusion criteria.
RESULTS
Search Results
Only 18 studies met the mandatory inclusion criteria by achieving a score greater than 9. All 18 studies 2, 6, 11, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] in the final inclusion group were published between 1995 and 2003, with 16 completed in the United States, one in Canada, and one in Australia. Of the 21 retained studies, three studies scored less than 9 on the quality assessment tool [28] [29] [30] and were eliminated. The quality review-screening tool proved effective in differentiating the quality of the papers for final selection. A summary of the quality assessment scores and characteristics of the final 18 studies is presented in Table 1 .
The study objective reported in all studies was the implementation of CISs in acute care facilities. Eight were identified as integrated systems, nine implied integration based on the assumption that point-of-care and nursing documentation systems were more sophisticated systems dependent on integration, and one was a beta stand-alone system. The articles included 14 case studies of exploratory-descriptive design and four research studies of preimplementation/postimplementation design. The four pre/post design studies used surveys, and of the 14 case studies, four used a survey as part of their preimplementation planning process to target appropriate end-user training.
The study populations included clinical nurses (registered and licensed practical nurses) and other healthcare practitioners. Nurses were identified as the only T a b l e 1 participants in eight of the 18 studies, whereas in seven studies, nurses were combined with other study participants such as physicians and staff from ancillary departments. An implementation project manager was identified in only three studies. In each of these, the project manager was reported to be a nurse. Project leadership by a nurse was reported in eight studies, leadership by a nursing committee in four studies, and no leadership type identified in 6 studies. Of the 18 studies, nine reported using a theoretical model to guide planning or implementation; eight referred to nursing informatics; six referred to nursing knowledge and/or the practice of nursing; and five based the CIS implementation on nursing or other literature, such as change management or adult teaching theories.
Characteristics of Included Studies and Quality Assessment Scores
The study settings included facilities ranging in size from 100 to 1 200 beds, with 15 studies in the 250-to 1 200-bed size range. The study setting unit type was identified in nine studies as critical care only, critical care combined with medical-surgical, or medical-surgical settings alone. Nine studies did not identify a specific setting.
Study Outcomes
The studies were examined to identify the outcomes of CIS implementation that were anticipated by each agency. The outcomes were then categorized as system, user, management, or patient outcomes. As shown in Table 2 , this content analysis resulted in 49 outcomes that consisted of nine system outcomes, 29 user/provider outcomes, nine management outcomes, and two patient outcomes.
The outcomes anticipated by the agency in each study were compared with those actually measured and achieved. A summary of anticipated outcomes of CIS implementation in the retained 18 papers and the number of times each outcome was reported is presented in Table 3 . These data include factors that were observed, measured, or self-reported as leading to success or failure of implementation. System, user, management, and patient outcomes were reported, with the greatest number relating to user outcomes. In the four research studies, five outcomes were measured, with a mixed result of successes and failures. In the 14 case studies, which reported a total 45 anticipated outcomes, only 26 were achieved, of which 23.5 were identified as successes.
As described earlier in this paper, the ESLC framework ( Figure 1 ) was chosen to categorize the factors associated with success and failure in each study into risk zones to determine if any patterns emerged. The summary of risk zone factors found to influence CIS implementation success/failure is presented in Table 4 . Of the final 18 studies, 17 reported a combination of factors leading to success and failure, one reported failure only, and none reported success only. Analysis of each article revealed risk zone factors identified with each implementation in one to four of the risk zones, with risk zone factors crossing greater than or equal to three of the four zones in 15 of the 18 articles.
This analysis revealed a total of 47 success factors and 38 failure factors across several risk zones. The highest number of success and failures were in zone 3 (implementation-the zone focusing on preimplementation T a b l e 2
Summary of Outcomes of CIS Implementation Anticipated by Healthcare Agencies
No. of Outcomes
System outcomes
User-friendly, meaningful screen and lists, system performance, functionality
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Integration between areas and other systems, accessibility decision tools, data availability, reduce duplication training and ''go-live'' of the system). Figure 2 provides the original risk factors associated with influencing outcomes of the ESLC. Table 4 adds additional detail to some of the risk zone factors currently listed in Figure 2 and presents the additional factors found in this review.
DISCUSSION
This study was completed to identify the state of knowledge about the implementation of clinical systems and outcomes for systems, end users, management, and patients. Applying the ESLC framework to identify risks at each phase of the implementation in the included studies yielded evidence of an emphasis on go-live dates and limited support for end users. End-user support or lack thereof was an important factor in both successful and failed implementations, respectively. This study may also be the first to test the application of the ESLC in examining CIS implementation in a systematic review.
In doing so, we have suggested additional risk factors based on the empirical findings and their associations with success or failure of implementation. This systematic review demonstrates that implementation of CIS, as point-of-care clinical systems in healthcare facilities, is of significant interest to healthcare administrators, nurses, and the nursing profession and to furthering nursing knowledge. Although the case studies are predominantly descriptive in nature, they discuss expected and achieved outcomes related to the system, users, management, and patients. Successful implementation was largely dependent on the ''context'' of the clinical environment, system maintenance, end-user support, evaluation to ensure system benefits, and key actors to ensure success. This review has also demonstrated the value of case study research to better understand the complexities of the implementation process.
Implementation methodology is complex, and despite research and experience, it is not possible to designate a single implementation approach that will work in all situations. 11 More in-depth research is needed to identify how costly errors in implementation can be avoided. 12 The findings of this synthesis suggest several areas where ongoing research could be focused or strengthened. First, future research into the implementation of CIS should consider the influence of context in the clinical environment. Second, it is important for researchers to report a clear description of the CIS interventions. The expected outcomes and approaches to measurement of the intervention and outcome should also be reported at the levels of the system, users, managers, and patients. Effects on operational procedures such as patient wait-lists and on broader issues such as system sustainability should also be documented. Longitudinal investigation is required to observe the complexity of CIS, to develop strategies to mitigate risks associated with CIS implementation, and to support and maintain outcomes over time.
The findings of this review also suggest the need to establish regular processes for auditing electronic documentation to measure and ensure data quality, target areas of improvement, and increase confidence in decision making based on the data. Long-term attention to end-user training and support is key to data quality and reliability for management decision making and healthcare funding decisions. To shortchange training and long-term support when implementing a CIS jeopardizes anticipated return on investment in quality patient care.
It is important to develop evidence-based funding decisions and CIS postimplementation support models that help decision makers determine how best to support clinical end users and that provide direction to information technology departments and administrators on how best to support and maintain CIS on an ongoing basis.
The importance of involving and educating nurses in all aspects of CIS implementation and support is evident from the findings of this review. Nurses can and should be educated in nursing informatics and project management methods to prepare for, participate in, and lead clinical systems implementation. Nurses should also be informed about the importance of data integrity to support decision making related to patient care and organizational outcomes. Research into training methods best suited to this workforce is needed with the recognition that an investment in training can bring about the best of all that is already being invested in a highly skilled and specialized workforce.
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These findings also suggest that it is important for nurses to recognize the potential influence that clinical systems implementation can have on nursing practice and the nursing profession and on furthering nursing knowledge. Nurses use advanced information technology to provide care, document that care, research better treatment methods, and transfer knowledge to colleagues at every level of experience, in every specialty and in every care setting imaginable. 8 It is also valuable for nurses to recognize the opportunity that CIS can bring about in standardizing, describing, and studying the contribution of nursing in achieving positive patient outcomes.
This review has three potential limitations. First, a potential reporting bias may exist by including only published studies that tend to overreport positive findings. However, in this review, we have balance, as both negative and positive findings were reported in most of the literature reviewed, with none of the published studies reporting positive findings only. Second, only US, Canadian, and Australian articles describing the process of CIS implementation and outcomes were reported in the literature. Although implementation of computer systems in healthcare organizations is extensive, it is apparent that more countries are experiencing CIS implementation than are publishing their findings. Third, our search strategy restricted titles or abstracts to English language because it was the language of proficiency of our research team. This may have resulted in overlooking additional evidence of specific cultural factors that influence CIS implementation in nursing.
CONCLUSION
In this systematic review, we have demonstrated that research into the process of CIS implementation and outcomes is (1) relatively recent, (2) of significant interest, (3) primarily descriptive, and (4) an evolving field given the existence of very little theoretical work. The findings of this review confirm the rapid advancement of CISs, the complexity of CIS implementation, and the importance of viewing system implementation in the context of diverse clinical environments. Use of the ESLC model confirms that support within and across each risk zone is key to facilitating clinical system implementation and to achieving defined outcomes. 9 Time pressures are often associated with the implementation of clinical systems, and research is urgently needed to mitigate the risks of failure, guide the implementation process within specific clinical environments, and achieve expected outcomes. Technology is leaving its mark on nursing, 7 and nursing professionals will become active participants and leaders in the development and implementation of CIS as they recognize the impact and potential of CIS on nursing practice.
